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Eliminating Interference in LOS Massive
Multi-User MIMO with a Few Transceivers
Uri Erez and Amir Leshem
Abstract—Wireless cellular communication networks are
bandwidth and interference limited. An important means
to overcome these resource limitations is the use of multiple
antennas. Base stations equipped with a very large (massive)
number of antennas have been the focus of recent research.
A bottleneck in such systems is the limited number of
transmit/receive chains. In this work, a line-of-sight (LOS)
channel model is considered. It is shown that for a given
number of interferers, it suffices that the number of trans-
mit/receive chains exceeds the number of desired users by
one, assuming a sufficiently large antenna array. From a
theoretical point of view, this is the first result proving the
near-optimal performance of antenna selection, even when
the total number of signals (desired and interfering) is larger
than the number of receive chains. Specifically, a single
additional chain suffices to reduce the interference to any
desired level. We prove that using the proposed selection,
a simple linear receiver/transmitter for the uplink/downlink
provides near-optimal rates. In particular, in the downlink
direction, there is no need for complicated dirty paper
coding; each user can use an optimal code for a single user
interference-free channel. In the uplink direction, there is
almost no gain in implementing joint decoding. The pro-
posed approach is also a significant improvement both from
system and computational perspectives. Simulation results
demonstrating the performance of the proposed method are
provided.
I. INTRODUCTION
It is well known that given an adaptive array with Nr
receive chains, one can null out Nr − 1 (single-antenna)
interferers and enjoy a full degree-of-freedom (DoF) for
one desired source. Such an architecture, often referred
to as receive beamforming, is attractive due to its ease
of implementation, as well as robustness. Nonetheless,
it leads to low spectral utilization.
A line of work that has emerged in recent years,
starting with the seminal work of [1], is the use of
massive multi-input multi-output (MIMO) technology as
a promising practical means to boost the throughput of
wireless networks. In a nutshell, assuming a rich scat-
tering environment or alternatively that the number of
antennas at the base station is much larger than the total
number of users, one can leverage channel hardening
arguments to conclude that the channel vectors of the
users will be approximately orthogonal. Under these
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conditions, beamforming will be near optimal on both
uplink and downlink.
Nonetheless, massive MIMO technology faces some
considerable challenges, including the overhead incurred
by the need for transmission of many pilots, and the sub-
stantial cost of radio frequency (RF) chains. Specifically,
we consider the class of line-of-sight wireless channels
[2] which are very relevant in recent applications of
mm wave wireless communications, see e.g., [3] and
references therein. In the present paper, we demonstrate
that one can attain the performance gains of massive
MIMO technology while employing a minimal number
of receive chains.
Our main result is as follows: For any number of
interferers, given r receive chains and a large enough
number Nr of antennas, one can approximately null out
all interferers while simultaneously affording (with prob-
ability one) a full DoF to r − 1 single-antenna sources.
This corresponds to a utilization of 1 − 1/r of the r
DoFs available. In a practical system implementation,
employing a linear massive MIMO array (assuming pla-
nar geometry), this may be accomplished by judiciously
selecting r antennas out of a large array of Nr antennas.
The output of the selected antennas is then fed into r
receive chains as depicted in Figure 1.
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Fig. 1. Setting antenna spacing via selection.
A. Related Work
Massive multi-user MIMO (MU-MIMO) emerged from
the realization that when the number of antenna ele-
ments is much larger than the number of users, the inner
2product between different users’ channels becomes neg-
ligible with respect to the norm of each user’s channel,
leading to “channel hardening”. Under such conditions,
linear processing in conjunction with single-user encod-
ing/decoding (for the downlink/uplink respectively) is
near optimal [1], [4], [5].
Digitally sampling a very large antenna array entails
a prohibitively large hardware complexity. Hence, sub-
stantial research efforts have been devoted to alleviating
this burden. Among the proposed techniques are hybrid
analog/digital beamforming, low resolution ADCs and
antenna selection. An overview of these various tech-
niques can be found in, e.g., [6]–[8].
One may think of the selection mechanism as a means
of altering the physical communication channel to attain
some benefit. The idea of of changing the physical prop-
agation channel bears some relation to “media-based
modulation”, “spatial modulation” and “index modu-
lation” schemes; see [9], [10] for an overview of these
inter-related concepts. In all of these works, the physical
medium is modulated based on the information-bearing
signal. In contrast, in the present work the physical
medium is altered depending only on the location of
the desired and interference sources, independent of the
transmitted data.
II. SYSTEM MODEL
For simplicity, we consider the uplink portion of the
communication link in a cellular MU-MIMO scenario.
We begin by defining the system configuration of a single
link between a single (possibly MIMO) transmitter and
the base station.
Denote by t/Nt/Nr/r a transmit/receive MIMO con-
figuration utilizing antenna selection. Thus, the uplink
of a massive MIMO cell with a total of K single-antenna
users will consist of K links of the form 1/1/Nr/r as
depicted in Figure 1. .
III. LINE-OF-SIGHT CHANNEL MODEL
We consider the LOS channel model. This channel
model is important in its own right, e.g., for millimeter-
wave communication [11]. Moreover, this channel
model can serve as the basis for a more elaborate,
specular multipath MU-MIMO channel model.
Denoting the channel vector from transmitter k to the
Nr antennas by hk ∈ CNr×1, the received signal is given
by
y =
K
∑
k=1
hkxk + z (1)
where z is i.i.d. circularly-symmetric complex Gaus-
sian noise with variance σ2. The receiver decodes the
messages of users 1 . . . , r − 1 whereas the signals xk,
k = r, . . . ,K are interference.
We note that the 1/1/Nr/r MU-MIMO interference
channel is equivalent to requiring that the receiver
must employ a linear front-end selection matrix SR ∈
{0, 1}Nr×Nr , having exactly r non-zero elements which
are not in the same row or column. Applying selection
matrix SR (1) becomes
y = SHR
K
∑
k=1
hkxk + S
H
R z. (2)
From a practical perspective, implementing the selection
mechanism yields a substantial reduction in hardware
complexity.
We consider the LOS channels. Specifically, we make
the following assumptions:
A1 For simplicity we assume planar geometry where all
sources are far field point sources.
A2 The vectors hk consist of array manifold vectors
h(θk) = [h1(θk), ..., hNr(θk)]
T ∈ CNr×1, (3)
where
hn(θk) = e
2pi j·n cos(θk), n = 1, . . . ,Nr. (4)
A3 For sake of analysis, the dimensions of the array are
taken to be unbounded similarly to [1].
A4 We assume that the receiver has perfect CSI w.r.t. all
channel gains corresponding to impinging signals.
Transmitters on the other hand need not have access
to any CSI beyond the rate at which they should
communicate.
A5 Without loss of generality, we use the array mani-
fold as the channel, since the signal attenuation can
be absorbed in the power of xk.
A6 For simulations we assume that the locations of the
sources are independently uniformly distributed in
angle with respect to the receiver.
A7 We assume that the transmit power of all transmit-
ters is bounded by P.
Under these assumptions for the 1/1/Nr/r MU-MIMO
channel equation (2) reduces to
y = SHR
K
∑
k=1
h(θk)xk + z. (5)
In the next section we prove that there is a selection
such that with a proper linear processing we only receive
the desired r − 1 signals, and attenuate the interfering
signals to any prescribed level, with negligible noise
amplification.
IV. ERGODIC BEAMFORMING
Selection methods for reducing the complexity of
massive MU-MIMO systems is a widely explored field
[8], [12]–[14]. There are many works related to antenna
selection in LOS channels, see e.g., [15], [16]. The optimal
selection of antennas is very complicated. Therefore,
many innovative techniques for antenna selection have
been proposed [8], [14], [15], [17]. Our contribution is
establishing fundamental limits for antenna selection in
LOS channels. Namely, it is shown that, any number of
3Fig. 2. Effect of selection on beam pattern.
interferers can be suppressed with the number of receive
chains exceeding the number of desired users by one.
Classical signal processing literature is focused on
Nyquist beamformers, where at least some antennas are
separated by at most λ/2. In this case, the array has
a single main lobe at the desired direction, and the
resolution of the array is determined by the farthermost
elements. The reason for this is that when all distances
between antennas are larger than λ/2, an ambiguous
beam pattern occurs. An example of this phenomenon
is depicted in Figure 2. Interestingly, ambiguous arrays
can prove extremely advantageous when dealing with
interference since such arrays have multiple nulls. We
will show that by judiciously designing the beam pat-
tern, we can simultaneously point multiple nulls at the
multiple interferers.
Using a beamforming vector w, the received signal
becomes:
x˜ = wH
(
K
∑
j=1
h(θk)xk + z
)
. (6)
The support of wk, k = 1, . . . ,K implicitly defines the
selection matrix SR. For each desired user 1 ≤ k ≤ r− 1
define the beamformer wnk by
wnk =
1√
2
(e0 + eni) (7)
where en ∈ CNr × 1 are the standard unit vectors. Denote
g(θ;wn) =
∣∣∣wHn h(θ)∣∣∣2 (8)
= 1+ cos(2pin cos(θ)) (9)
where h(θ) is defined in (4). We now show that by
selecting a common reference antenna, we can choose
one antenna (nk ) per desired source (1 ≤ k ≤ r − 1 )
such that the beamformer satisfies:
g(θj;wnk) ≈
{
1 k = j
0 otherwise
(10)
where without loss of generality the desired users are
k = 1, ..., r− 1.
Theorem 1 (Receiver for a desired direction [18]).
Assume that the directions θ1, .., θK are such that
cos(θ1), ..., cos(θK) are independent over Q. Then for
every i and every δ > 0, one can find ni ∈ N such that
beamforming with the vector wni yields:
g(θk;wni) < δ, k 6= i
g(θi;wni) > 1− δ.
(11)
The proof is based on the uniform distribution prop-
erty of sequences modulo 1 [19]. The proof can be found
in [18].
A simple corollary of Theorem 1 is that one can
simultaneously receive r− 1 data streams using r receive
chains, while suppressing any number of external inter-
ferers.
Corollary 1 (Receiver for r − 1 desired directions). As-
sume that we have r − 1 desired users where r is the
number of receive chains over a LOS channel as defined
in (5). Then, for any rate satisfying:
Rk ≤ log
(
1+
P
σ2
)
(12)
there is a sufficiently large array with Nr antennas and a
selection matrix SR, such that for all users k = 1, . . . , r−
1, error-free transmission is achievable.
Proof. The claim follows by assigning one of the anten-
nas as a reference for interference cancellation and apply-
ing Theorem 1 to every desired direction θi and choosing
the second antenna with the appropriate spacing and a
beamforming wni .
Denote
W =
[
wn1 , ...,wnr−1
]
(13)
be an r × (r − 1) beamforming matrix as constructed
in Corollary 1. The following theorem characterizes the
achievable sum rate for the LOS massive MU-MIMO
channel.
4Theorem 2 (Main Theorem). Choosing W as defined in
(13) for almost all channel realizations the achievable sum-
rate satisfies
Rsum (W) ≥ (r− 1) log
(
1+
P
σ2
)
− ε (14)
for every ε > 0.
Proof. let
H = [h((θ1, ...h(θK)] (15)
be the channel matrix including the desired and inter-
fering signals. Denote the effective channel matrix
H˜ = WHH. (16)
Let Q = H˜H˜
H
. By the choice of W we obtain that
Qi,j = I+ E (17)
where
∣∣Ei,j∣∣ ≤ Kδ, for δ < 12K .
Using Gershgorin’s theorem [20] we obtain that
1− Kδ ≤ µi(Q) ≤ 1+ Kδ. (18)
where µi(Q) are the eigenvalues of Q. Hence
Rmin ≤ log
∣∣∣∣I+ Pσ2Q
∣∣∣∣ ≤ Rmax (19)
where
Rmin = (r− 1) log
(
1+
P
σ2
(1− Kδ)
)
(20)
Rmax = (r− 1) log
(
1+
r
r− 1
P
σ2
)
(21)
for all 0 < δ < 12K . The second inequality follows from
the MIMO capacity in the absence of external interfer-
ence. Choosing δ sufficiently small and by continuity of
log(t) the claim follows.
V. ALGORITHMS AND IMPLEMENTATION
Theorem 2 guarantees that interference can be sup-
pressed to any desired level. However, it does not exploit
the full optimization parameter space. Ultimately, our
goal is to maximize the signal to interference plus noise
ratio by properly choosing the antennas and the beam-
formers corresponding to each source . The straightfor-
ward approach would be to enumerate over all subsets
of r antennas and evaluating the SINR, for the opti-
mal linear receiver. The complexity of this algorithm
is prohibitive and simpler algorithms are required. For
instance, we can select a single antenna as a reference
antenna and choose one antenna per desired user.
A. Pairwise antenna selection
The simplest approach is to use Theorem 2 directly
where for each use we choose the antenna which maxi-
mizes the SINR for this user. To that end, define
wi = arg max
w∈Cr
P|wHh(θi)|2
∑j 6=i Pj|wHh(θj)|2 + σ2‖w‖2
subject to : ‖w‖H = 2
w0 = 1.
where ‖ · ‖ is the ℓ0 norm.
Each signal is obtained by beamforming the output
of the reference antenna and a second antenna which
provides the interference free reception. However, since
we have r receivers, it is reasonable to improve the
performance by optimizing the receive vector for each
signal jointly, over all the selected receive chains. To that
end let n0, ..., nr−1 be the indices of the selected antennas
and let SR be the corresponding selection matrix defined
by (n0, ..., nr−1). We can now maximize the SINR of each
user by optimizing
wi = arg max
w∈CNr
P|wHSRh(θi)|2
∑j 6=i Pj|wHa(θj)|2 + σ2‖w‖2
subject to : supp(wi) = (n0, ..., nr−1) ,
where supp defines the support. Since the directions of
interferers are assumed known, we can use the interfer-
ence covariance based beamformer [21]
wi = R
−1
n S
H
R h(θi) (22)
where supp(wi) is the support of wi.
Rn = ∑
j 6=i
PjS
H
R h(θj)h(θj)
HSR + σ
2I. (23)
As discussed in [22], there is significant benefit in terms
of robustness when using the interference covariance as
a basis for beamforming instead of the received signal
covariance matrix.
VI. SIMULATIONS
To test the proposed MU-MIMO scheme for a LOS
channel, we assumed that we have two desired users
and 3 undesired users which serve as out of cell in-
terference. We used 100 antennas with λ/2 spacing.We
performed 500 experiments. In each experiment we ran-
domly picked the direction of all 5 signals. We assumed
three receive chains (r = 3). The first array element
served as a common reference and the other elements
were optimized for each desired user, respectively.
VII. EXTENSIONS AND CONCLUSIONS
In this paper we proposed a novel technique for inter-
ference mitigation in LOS massive MIMO cellular net-
works employing a minimal number of receive chains.
Simulation results demonstrate the effectiveness of the
approach.
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The paper focused on the uplink direction. However,
by invoking a simple uplink-downlink duality argu-
ment, the same architecture applies for the downlink,
assuming that directional CSI is available to the base-
station. In LOS channel this assumption is mild, since
practically all receiver have GPS receivers. Alternatively,
the directions can be estimated using the well known
techniques of [23], [24].
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